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Considerably low methanol concentrations of 0.5% (v/v), induce an immense increase in biomass production in cultures of the unicellular
green alga Scenedesmus obliquus compared to controls without additional methanol. The effect is light-regulated and it mimics high-CO2 induced
changes of the molecular structure and function of the photosynthetic apparatus. There is evidence that methanol enhances under high light
conditions by molecular changes in the LHCII – a decrease of the functional antenna-size per active reaction center – the photochemical
effectiveness of the absorbed energy. This means that the non-photochemical quenching (NPQ) is minimized and thereby the overall dissipation
energy. Experiments with mutants of Scenedesmus Wt produced evidence that the LHCII is the locus of the mechanism which regulates the
methanol effect. The employed mutants were Wt-LHC, lacking a functioning LHCII, the light-dependent greening mutant C-2A′, and the double
mutant C-2A′-LHC, combining both mutations.
© 2007 Elsevier B.V. All rights reserved.Keywords: Biomass production; Light harvesting complex II (LHCII); Methanol metabolism; Non-photochemical quenching (NPQ); Photosynthetic apparatus;
Scenedesmus obliquus (mutants)1. Introduction
Although the metabolic pathway of methanol is well
investigated in bacteria, only little knowledge has been
established about its metabolism in higher plants. Rapid uptake
of the compound by green plants and a consecutive induction of
growth have been reported by Nonomura and Benson [1,2].
13C-NMR analysis demonstrated that the carbon atom of
methanol is incorporated into a variety of methyl groups, e.g.
into those of methionine and phosphatidylcholine [3]. Experi-
ments with 14C-labeled methanol suggested that its metaboliza-
tion in higher plants is a four-step oxidative pathway with the
successive formation of formaldehyde, formic acid and carbon
dioxide [4] which was also shown in an early work of Cossins
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doi:10.1016/j.bbabio.2007.05.003mainly in serine and methionine. Giese et al. [6] reported that
aldehyde and formate dehydrogenase (E.C. 1.2.1.2) quickly
catalyze the oxidation of formaldehyde and formate to CO2 in
plants. A formaldehyde dehydrogenase (E.C. 1.2.1.1) for the
detoxification of formaldehyde has been detected in many aerial
plant tissues [7], but it is abundant in mitochondria of their non-
photosynthetic organs [8]. These data suggest that there might
be similarities between the pathways of methanol assimilation
and metabolization in microbes [9–12], animal tissues and
higher plants [9].
Methanol metabolism in plants is very often accompanied by
a remarkable induction of biomass in terms of fresh and dry
weight [1,2] with a simultaneous increase of the photosynthetic
efficiency. Nonomura and Benson [1] attributed increased plant
turgidity, biomass production, and a more rapid development of
some C3-plant species to the presence of methanol. Similar
results have also been reported by other researchers [13–15].
Interestingly, Li et al. [14] reported that the increment in the
yields is not accompanied by a change in the photosynthetic
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oxidation of methanol to CO2 and its concomitant assimilation
by the Calvin–Benson cycle are closely related to increased
biomass production. However, very little information is
available on the effect of the application of this solvent on the
photosynthetic apparatus.
In previous publications Kotzabasis and co-workers [16,17]
showed that concentrations of 1% of methanol or less,
administered to cultures of the green algae Chlorella minutis-
sima and Scenedesmus obliquus (compared to 50% in higher
plant experiments) lead to an enormous enhancement of
biomass production in terms of the packed cell volume (PCV;
the volume of the cell pellet in μl determined by the
centrifugation of a defined volume of cell suspension at
1400×g for 5 min in haematocrite tubes). Furthermore, the
methanol effect on the increase of the biomass was found to be
absolutely light-dependent and the primary photoreceptor for
this enhancement to be the reaction center of PSII.
In contrast to reports that demonstrate a strongly positive role
of methanol on the induction of plant biomass production, an
enhancement could not be observed in all studies on the effect.
Various experiments performed under different climatic condi-
tions showed that methanol application was toxic for several plant
species. In some cases no increase in biomass yield in terms of
fresh and dry weight could be observed [18–20]. In other
experiments the solvent even seemed to exert an injuring effect on
the plant tissue [19] or caused delayed maturation [21]. Some
authors, finally, report only little effect ofmethanol on the biomass
yield and on the photosynthetic activity, respectively [22].
As stated above, methanol application is toxic for a variety
of organisms [23]. The power of its toxic effect depends on
both, dose and time of exposure. Especially for the
photosynthetic tissues of plant the pathways of methanol
assimilation and metabolization, and thus for its detoxification,
are poorly understood. The difficulty to reproduce the results
of Nonomura and Benson [1,2] with higher plants may be
due to the great number of unknown parameters that affect
methanol metabolism [9,24]. The mode of its application, its
concentration, the climate, the light conditions, and other
factors are possibly some of the parameters, which have to be
properly combined to achieve on the one hand a maximum
induction of plant biomass production in terms of increased
fresh and dry weight, and to avoid otherwise toxic effects.
More knowledge about the factors that affect methanol
assimilation and metabolism by photosynthetic organisms
has to be gained for a routine application of this abundant
and inexpensive molecule as an effective inducer of plant
growth.
With the present work we try to further elucidate the light-
regulated mechanism of methanol effect in the unicellular
green alga S. obliquus. If methanol is catabolized to CO2 the
question arises in which way the energy utilization/dissipation
from the photosynthetic apparatus and especially from the PSII-
LHCII is affected. To validate the crucial role of the photo-
synthetic apparatus in the methanol effect, the methanol induced
biomass changes were followed besides in the Wt strain also in
several mutants of S. obliquus which lack either LHCII (Wt-LHC) or a developed photosynthetic apparatus (C-2A′), or both
(C-2A′-LHC).
2. Materials and methods
2.1. Organisms and growth conditions
Cultures of the unicellular green alga S. obliquus, wild-type strain D3
[25], the mutants C-2A′, Wt-LHC and the double mutant C-2A′-LHC were
autotrophically grown in liquid culture medium [26] in glass tubes (4 cm Ø,
40 cm length), in a temperature-controlled water bath at 30 °C in front of a
set of white fluorescent lamps (photon fluence rate 200 μmol m−2 s−1; L-
40W, Osram, Munich, FRG). The cultures were continuously percolated with
air from the bottom for CO2 supply and to avoid sedimentation. They were
prepared by the inoculation of fresh medium with a stock culture, so that an
initial PCV of 0.5 μl/ml medium was obtained.
2.2. Preparation of thylakoid membranes and isolation of LHC II
For the preparation of thylakoid membranes the cultures were centrifuged
for 5 min at 1400×g and the pellets then resuspended in 20 mM HEPES-buffer,
pH 7, containing 5% glycerol (v/v). The suspension was mixed with glass beads
(∅ 0.2 mm) and broken 4 times for 1 min in a cell mill (Biospec, OK, USA).
The homogenate was filtered through a sinter glass filter funnel to separate the
glass beads, and centrifuged for 2 min at 500×g to remove unbroken cells and
debris. The supernatant was centrifuged for 30 min at 13,000×g. The pellet
consisted of two layers. The upper green layer, enriched in thylakoid
membranes, was transferred into HEPES-buffer (see above). The lower part
of the precipitate contained mainly starch and was discarded. The membrane
fraction was pelleted at 13,000×g, lyophilized, and stored at −20 °C until used.
For the isolation of LHCII-particles the thylakoid preparations were
subjected to ultra centrifugation on a continuous sucrose gradient, as des-
cribed by Argyroudi-Akoyunoglou and Thomou [27].
2.3. Measurement of fluorescence induction kinetics
For the fluorescence induction measurements the portable Plant Efficiency
Analyser, PEA (Hansatech Instruments, Kings's Lynn, Norfolk, UK) was used.
This method is based on the measurement of a fast fluorescence transient with a
maximum 10 μs resolution in a time span of 40 μs to 1 s. Fluorescence was
measured at 12 bit resolution and excited by six light-emitting diodes providing a
light intensity of 600 W m−2 of red (650 nm) light. This method allows the
dynamic measurement of a photosynthetic sample at a given physiological state.
The yield of Chl a fluorescence at the transitions of the basal fluorescence
F0, the variable fluorescence FV, the maximum fluorescence FM, the maximum
yield of photochemistry (FV/FM) and the absorbance per reaction center (ABS/
RC, i.e. functional antenna size), were calculated according to the JIP method of
Strasser and Strasser [28]. The equations used for the JIP-test calculations are:
ABS/RC=M0(1/Vj)(1/φpo); φpo=(1−F0 /FM); M0=4·(F300μs−F0) / (FM−F0);
Vj= (F2 ms−F0) / (FM−F0).2.4. Determination of NPQ
In order to determine the maximum photosynthetic efficiency (FV/FM),
samples were dark adapted for 15 min and the fluorescence measured using a
Handy-PEA Fluorophotometer (Hansatech, King's Lynn, UK). For the
determination of the non-photochemical quenching (NPQ) three sets of cultures
(control cultures; cultures supplemented with 0.5% (v/v) methanol, cultures
supplemented with 10% CO2), were used. At the start of the experiment the
cultures had a cell density of 0.5 μl PCV/ml and were then grown for 24 h at a
photon fluence rate 200 μmol m−2 s−1. The samples for the NPQ measurements
had a volume of 1 ml and were adjusted to a cell density of 1 μl PCV/ml. They
were continuously illuminated for 600 s with 200 μmoles of photons m−2 s−1
using a Handy-PEA (multi-hit mode). Every 30 s a saturating pulse of 3000 μmol
photonsm−2 s−1 was given for the determination of FM′ . For the calculation of the
NPQ we followed the equation in reference [29], (NPQ=FM/FM′ −1).
Fig. 1. Kinetics of the growth rates of three Wt cultures incubated in three
different growth media for 120 h: (a) supplemented with 0.5% (v/v) methanol
and percolated with air, (b) without any addition of methanol and percolated
with 10% CO2, and (c) without any addition of methanol or CO2 and percolated
with air only (control).
Table 1
Comparative measurements of the maximal quantum yield (FV/FM), the
functional antenna size (ABS/RC) and the LHCII amount per thylakoid unit
Treatments Maximal Functional LHCII amount
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After centrifugation of the culture at 1400×g for 5 min, the algal pellet was
exhaustively extracted with hot methanol in safe dim green light until it was
colourless. The amount of chlorophyll (Chl) was estimated photometrically
following the method of Holden [30].
2.6. Polarographic measurements
Photosynthesis and respiration rates were determined polarographically at
30 °C with a Clark type electrode system (Hansatech Instruments). The actinic
light of 470 W m−2 was generated with two lamps (ENX260W/82V) and its
intensity measured with a sensitive photoradiometer (International Light,
Newburyport, MA, 01950). The infrared part of the applied radiation was
filtered off by inserting a 2% CuSO4-containing cuvette (2 cm path length) into
the light beam. Prior to measurement the cell suspension was adjusted to 10 μl
PCV/ml.
2.7. Quantitative determinations
Determination of the actual methanol concentrations in the samples was
performed following the method of Wood and Siddiqui [31], and protein
concentrations following that of Bradford [32]. The PCVof the cell suspensions
was determined by centrifugation at 1400×g for 5 min in haematocrite tubes [33].
2.8. Data analysis
All treatments were repeated three to five times. Bars on the diagrams
represent the standard errors of the average values.quantum
yield [FV/FM]
antenna
[ABS/RC]
[μg protein per
thylakoid unit]
Control 0.685 3.979 556.0
+10% CO2 0.725 3.542 277.1
+0.5% MeOH 0.692 3.856 449.9
As thylakoid unit is defined that amount of isolated thylakoids that contains
450 μg of chlorophyll. This amount of thylakoids was used for the isolation and
quantitative determination of the LHCII complex from cultures incubated for
24 h in three different growth media: a) supplemented with 0.5% (v/v) methanol
and percolated with air (+0.5% MeOH), b) without any addition of methanol
and percolated with 10% CO2 (+10% CO2), and c) without any addition of
methanol or CO2 and percolated with air (control).3. Results and discussion
3.1. Comparison of microalgal biomass production after
methanol and CO2-treatment and its impact on the molecular
structure and function of the photosynthetic apparatus
In a previous study [17] we showed that methanol uptake
strongly induces the growth of the unicellular green alga S.
obliquus. It was demonstrated that a concentration of 0.5% (v/v)methanol in the culture medium leads to a maximal increase of
the PCV, and that the growth-stimulating effect is a light-
regulated phenomenon. It was hypothesized that methanol is
metabolized to CO2, resulting in an increase in biomass. In the
present work, we try to test this hypothesis. For this purpose
three parallel sets of autotrophic cultures of S. obliquus were
incubated for 120 h under three different growth conditions: (a)
the first set was percolated with air only as a control; (b) the
second set was supplemented with 0.5% (v/v) methanol and
percolated also with air; (c) the third set was percolated with
10% CO2. Samples were harvested at various time intervals and
the PCV measured. This parameter was taken as a measure for
the comparability of the kinetics of the biomass development.
The kinetics showed similar characteristics for the methanol and
the CO2 treatment (Fig. 1). During the first 20–24 h methanol
and CO2 cultures presented a restrained enhancement of the
PCV, followed by a more or less logarithmic phase of the
increase of the PCV compared to the corresponding control
(Fig. 1). The logarithmic dependence is obvious for the CO2
culture, but not so clear for the methanol treated one.
To get a deeper insight into the changes in the molecular
structure of the photosynthetic apparatus on methanol- and
CO2-treatment, we decided, following our previous results, to
turn our particular attention to the LHCII. It has to be taken into
consideration that PCV values higher than 2 μl per ml of
culture occur after methanol and CO2 treatment and cause a
decrease in the availability of light per cell by self shading [14].
As a consequence, the photosynthetic apparatus had first to be
adjusted to the methanol/CO2 conditions by decreasing its
LHCII size, but then had to newly re-adapt to low-light
conditions. Thus, concomitant to the increasing PCV, the
LHCII-size had to be increased again to compensate for the
growth effects of either methanol [16] or CO2 [34]. Appropriate
methods to unravel this complicated process seemed to be the
measurement of the photosynthetic efficiency of photosystem
II (FV/FM) and the size of the functional photosynthetic
antenna (ABS/RC) after 24 h of incubation with methanol or
CO2 (Table 1), when the self shading effect is virtually absent.
The photosynthetic efficiency (FV/FM) was slightly increased
in the methanol-treated culture with a higher effect after CO2
treatment, compared to the control (Table 1). As to the
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Table 1) the decrease in the CO2-treated culture was again
bigger compared to the methanol-supplemented one. To
confirm these changes in the photosynthetic antenna that
were measured by physicochemical methods, thylakoid
membranes of the control and of the methanol- and CO2-
treated cultures were isolated 24 h after inoculation. The
chlorophyll/protein complexes of the photosynthetic apparatus
were separated on a continuous sucrose gradient by ultracen-
trifugation according to Argyroudi-Akoyunoglou and Thomou
[27]. The LHCII band was isolated and its quantity estimated
from the protein content per unit of thylakoids (Table 1). The
results showed that in the methanol-treated culture the LHCII
amount was decreased by about 20%, while the CO2-
supplemented culture showed a reduction of approximately
50% in the LHCII amount, both compared to the corresponding
control (Table 1).
Since both, CO2 and methanol application cause similar
changes in the structure and function of the photosynthetic
apparatus and both lead to a similar enhancement in biomass in
terms of PCV, the above described results support our
suggestion that under light conditions the added methanol is
metabolized to CO2. The fact that at the time of measurement
(24 h after inoculation) CO2 in all determined parameters
(photosynthetic efficiency, FV/FM; LHCII amount; ABS/RC) is
more effective than methanol, may be attributed to the different
steady state concentrations of CO2 at that time. To verify our
hypothesis, the NPQ of three sets of cultures grown for 24 h
either with 0.5% (v/v) methanol, with 10% CO2 in air or without
additions (control) was measured (Fig. 2). Indeed, the highest
thermal dissipation in terms of non-photochemical quenching
was measured in the control cultures, while the methanol- and
the CO2-treated cultures showed significantly lower values. The
NPQ of the CO2-cultures was lower than that of the methanol-Fig. 2. Determination of the non-photochemical quenching (NPQ) of three sets
of cultures grown for 24 h with 0.5% (v/v) methanol, with 10% CO2, and control
cultures with no addition. The cultures were illuminated with 200 μmoles of
photons m−2 s−1 for 600 s using a Handy-PEA (multi-hit mode). Every 30 s a
saturating pulse of 3000 μmoles of photons m−2 s−1 was applied for the
determination of FM′ . For the determination of the NPQ the following equation
was used: NPQ=FM/FM′ −1.culture (Fig. 2). Similar results were also reported by Dewez et
al. [35] in a study on the stimulatory and inhibitory effects of
methanol on plant growth. The authors concluded that at certain
concentrations methanol can act inhibitory on plant growth, this
inhibition being associated with an increase in non-photo-
chemical energy dissipation. Vice versa, at methanol concentra-
tions that induce plant growth, the NPQ was found to be
considerably decreased.
In general, the mechanism of energy dissipation is associated
with a quenched state of the PS II antenna proteins, mainly of
LHCII [22,23]. This state correlates to a lumen acidification, the
subsequent xanthophyll cycle and an activation of CP22
[25,26]. This is supported by some of our publications where
we reported that a decrease of the LHCII size per active reaction
center is correlated to a decrease of the dissipation energy
[36,37].
The above data show that the effect of methanol on plants is
similar to that obtained by high-CO2 treatment. Thus, there may
be a correlation between the changes induced by methanol or
CO2 and the mechanism governing the photosynthetic energy
utilization. This conclusion is strengthened by the finding that
formate, an intermediate in the catabolic pathway from
methanol to CO2, protects the photosynthetic apparatus against
photoinhibition [38]. Probably this could be one of the main
reasons for the enhancing effect of methanol on biomass
production, which remarkably is only exerted under high light
conditions [17].
Our findings are additionally supported by previous experi-
ments with 14C-labeled methanol suggesting that methanol
metabolism in higher plants is a four-step oxidative pathway
with the successive formation of formaldehyde, formic acid and
finally carbon dioxide [4] and that 14C-methanol is metabolized
to 14C-carbon dioxide [5].
3.2. The role of the photosynthetic apparatus, particularly of
LHCII in the methanol effect and its elucidation by the use of
specific mutants
To further elucidate the role of the photosynthetic apparatus,
particularly of LHCII in the methanol effect, on micro algae,
three different mutants of S. obliquus were used in parallel in
the experiments together with the Wt strain as a control: (a) Wt-
LHC, a mutant with a functioning photosynthetic apparatus like
that of the Wt, but lacking the capability to synthesize
chlorophyll b and thus the ability to form a functioning
LHCII [39–41]; (b) C-2A′, a mutant, unable to develop a
photosynthetic apparatus in darkness. Under light conditions it
synthesizes chlorophyll and subsequently a complete and
functioning photosynthetic apparatus [42–45]; (c) the double
mutant C-2A′-LHC which in darkness and in the light behaves
like C-2A′ except from forming LHCII [46,47].
Two sets of four autotrophic cultures of Wt, Wt-LHC, C-2A′
and C-2A′-LHC were in parallel either incubated with 0.5% (v/v)
methanol or without the solvent as controls for 120 h under high
light conditions of a photon fluence rate of 200 μmol m−2 s−1.
The employed cultures had been inoculated from stock cultures
which had been grown in absolute darkness to make sure that all
Fig. 4. Kinetics of the methanol assimilation of cultures of the Wt, and the
mutants Wt-LHC, C-2A′ and the double mutant C-2A′-LHC, all incubated with
0.5% (v/v) methanol.
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After various time intervals the biomass production was
measured in terms of PCV (Fig. 3). The results clearly show
that the photosynthetic apparatus and especially the LHCII are
essential for the methanol effect. Compared to the controls
without methanol, the lack of the LHCII (Wt-LHC, Fig. 3) led
after 120 h to a significantly restricted increase in biomass which
was 70% lower than that measured for the Wt (Fig. 3). The use of
the mutant C-2A′ yielded a further attenuation of the methanol
effect of 85% compared to the Wt control (Fig. 3), while the
double mutant C-2A′-LHC totally lacked the effect (Fig. 3).
Measurements of the rate of methanol assimilation (Fig. 4)
by these cultures support the results shown in Fig. 3. Methanol
uptake by the Wt-culture takes place almost directly after the
addition of the solvent to the medium and reaches a maximum
after 12 h of inoculation. This is in agreement with a previous
report that already 1 h after methanol application a strong
induction of many genes involved in metabolism and cell
communication/signal transduction processes is observed [48].
Defence genes associated with transcription and RNA
processing, and a few genes associated with cell division
and growth are also induced that fast [48]. All mutants showed
minimal uptake of methanol. However, mutant Wt-LHC
assimilated methanol a little bit better than C-2A′ while theFig. 3. Kinetics of the growth rates of cultures of the Wt, and the mutants Wt-LHC
without methanol, respectively.double mutant C-2A′-LHC presented only a faint assimilation
(Fig. 4).
Complementing, chlorophyll contents, as well as the
maximal photosynthetic and respiration rates of all cultures, C-2A′ and the double mutant C-2A′-LHC, all incubated with 0.5% (v/v) and
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intervals were selected to get an insight into a possible stress
phase after the methanol addition, when on the one hand the
solvent assimilation is maximal (10 h), but on the other the
impact on the photosynthetic apparatus has not yet been
accomplished. Of special interest are also the phases when the
methanol impact on the photosynthetic apparatus is complete
after 24 h and finally when the methanol effect and its
consecutive self shading effect is active after 60 h. Of courseFig. 5. (A) The total chlorophyll amounts and (B) the maximal rates of photosynthesi
and the double mutant C-2A′-LHC, all incubated for 10 h, 24 h and 60 h with 0.5%these phases are characteristic only for the Wt cultures, since the
mutants do not present a remarkable methanol effect and
therefore also the self shading effect cannot occur.
The evaluation of our data reveals that the lack of LHCII
exerts almost the same effect as the absence of the whole
photosynthetic apparatus. Fig. 5A shows that, apart from the
Wt cultures, the chlorophyll levels are about unchanged in all
methanol-treated mutants compared to their corresponding
controls. Indeed, only the Wt culture showed a significants and rates of respiration of cultures of the Wt, and the mutants Wt-LHC, C-2A′
(v/v) and without methanol.
Fig. 6. Changes in the biomass production of two cultures of mutant C-2A′, in
parallel pre-incubated in darkness and transferred to light of 200 μmoles m−2 s−1
compared to controls without methanol. As indicated in the graph, one of the
cultures was immediately supplied with 0.5% methanol at the onset of the light,
while the second one was supplied with methanol after a 24-h pre-greening
period, when a functioning photosynthetic apparatus was already formed.
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incubation with methanol. As already stated above, this culture,
undergoes self shading after 60 h, due to the immense biomass
increment. The photosynthetic apparatus has to adapt to these
new light conditions and reacts by increasing the chlorophyll
concentration, as well as the LHCII size, all this resulting in a
reduction of its maximal photosynthetic rate [17]. Indeed, the
maximal photosynthetic rate of the methanol-treated Wt culture
was strongly enhanced by almost 100% after 24 h, but only
20% enhancement were retained after 60 h, compared to the
control (Fig. 5B). Mutant C-2A′ showed only a small increase
of the photosynthetic rate after 24 h of incubation with
methanol. The mutants lacking LHCII (Wt-LHC and the
double mutant C-2A′-LHC) did not show any change in the
photosynthetic rate compared to their respective controls
without methanol.
The outstanding role of the photosynthetic apparatus,
especially of the LHCII, in the enhancement of growth by
methanol has so far clearly been demonstrated. For further
confirmation, two cultures of mutant C-2A′ were in parallel
pre-incubated in darkness, and then transferred to light of
200 μmol m−2 s−1. One of them was immediately at the onset
of light supplied with 0.5% methanol; to the second one the
methanol was added after a pre-greening period of 24 h, when a
functioning photosynthetic apparatus had already been formed
[32]. The changes in the biomass production of both cultures
compared to a control without methanol showed clearly that the
first, not pre-greened C-2A′-culture, exhibited virtually no
methanol effect, while the second, pre-greened one showed an
immense growth rate (Fig. 6). The same experiment with the
double mutant C-2A′-LHC did not show any difference after
both treatments, the immediate methanol addition before or
after a 24-h pre-greening period compared to the control (data
not shown). These data re-confirmed that the methanol effect is
regulated by changes in the LHCII. We conclude that the heredescribed methanol effect is a light regulated phenomenon, that
mimics high-CO2-induced changes in the molecular structure
and function of the photosynthetic apparatus. There is evidence
that methanol induces molecular changes like a decrease of the
LHCII-size per active reaction center in the photosynthetic
apparatus and, furthermore, minimizes the non-photochemical
quenching (NPQ) and therefore the dissipation energy. To
achieve this, the maximal quantum yield of the absorbed
energy under high light intensity is enhanced, without causing
any stress reaction. The mutants lacking LHCII show no
methanol effect. Therefore, LHCII is distinguished as the key
component in the mechanism for biomass enhancement by
methanol. In support to the presented discussion on the role of
the photosynthetic apparatus in the methanol effect, Downie et
al. [48] reported that they found only a very small percentage of
genes related to photosynthesis to be induced 24 and 72 h after
methanol addition. Indeed, our data indicate that there is no
special need for the induction of capacious re-arrangements of
the photosynthetic apparatus to permit the cell to cope with
methanol metabolization. Concluding, one of the first
responses of the photosynthetic apparatus to methanol involves
the decrease in the functional antenna size and a more efficient
utilization of the absorbed energy, paired with a reduced NPQ.
However, further attempts are needed to uncover, on a
molecular basis, the exact regulatory mechanism of methanol
implication on the LHCII regulation.
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